AO-A044  731  ILLINOIS  UNIV  AT  URBANA-CHAMPAIGN  COORDINATED  SCIENCE  LAB  F/6  l2/2 
SENSITIVITY  approach  TO  THE  DUAL  CONTROL  PROBLEM. (U) 

AUG  77  C S PADILLA.  J B CRUZ  DAAB07-72-C-0259 

UNCLASSIFIED  AFOSR-TR-77-1171  NL 


VIK  KIK  ut"y  Kl  SOnilU'N  II  .1  ‘ H.M.! 


DOC  FILE  COPY  AD  A 0 4 4 7 


^'PprovcAi  i u- 

--'tributi.,  u:U.„Ued' 

AFOSR-TR-  7 7-1171 


WP27-  4:10 


SENSITIVITY  APPROACH  TO  THE  DUAL  CONTROL  PROBLE>f^ 


CONSUELO  S.  PADILLA 

Venezuelan  Institute  of  Scientific  Research  (IVIC) 
Electronics  Engineering  Laboratory 
Apartado  1827 
Caracas , Venezuela 


J.  B.  CRUZ,  JR. 

Decision  and  Control  Laboratory 
Coordinated  Science  Laboratory  and 
Department  of  Electrical  Engineering 
University  of  Illinois 
Urbana,  Illinois  61801 


Abstract 


A stochastic  adaptive  control  problem  that 
incorporates  estimation  cost  considerations  is 
formulated.  A sensitivity  index  is  introduced 
to  represent  the  extimation  cost.  The  control 
effort  on  estimation  is  distributed  according 
to  the  accuracy  required  to  achieve  a given 
control  objective  when  there  is  a bound  on  the 
estimation  cost.  The  effect  of  the  control 
on  the  sensitivity  functions  is  used  to 
influence  the  future  uncertainties  of  the 
system.  A dynamic  feedback  control  algorithm 
is  proposed  that  explicitly  takes  into  account 
the  accuracy  of  estimation  and  distributes  the 
estimation  effort  in  an  optimal  fashion. 


K Introduction 


When  a control  law  is  to  be  designed  for  an 
uncertain  system  with  unknown  parameters,  two 
roles  of  the  control  signal  have  to  be  consi- 
dered [4]  : one  is  the  effect  of  the  control 

signal  on  the  estimation  of  the  unknown 
plant  parameters  and/or  state  variables,  and 
another  is  the  attainment  of  the  control 
objective.  In  general,  these  two  roles  of  the 
control  are  conflicting  [7],  The  optimal 
solution  to  the  dual  control  problem  is 
achieved  through  the  use  of  a closed- loop 
controller.  The  problem  of  getting  the  closed 
loop  control  law  leads  in  general  to  a nonlinear 
problem  and  only  approximate  solutions  can  be 
obtained.  Much  effort  has  been  made  to  obtain 
tractable  methods  of  solution  {1,2,10,12); 
some  are  approximations  to  the  optimal  solution 
[ 10]  and  others  use  the  conflicting  characteristic 
of  the  dual  property  to  constrain  the  control  so 
as  to  achieve  a short  term  control  objective 
without  exceeding  a bound  on  the  future 
covariances  of  the  unknown  quantities  [l,l3l. 


fixed  budget  for  estimation  is  considered. 

The  estimation  effort  is  distributed  according 
to  the  accuracy  required  to  achieve  a given 
control  objective.  This  relationship  between 
estimation  and  accuracy  is  based  on  the  assump- 
tion that  greater  accuracy  in  the  estimation 
of  an  unknown  quantity  implies  a greater  cost. 
Parameters  to  which  the  state  of  the  system 
is  more  sensitive  require  more  accurate 
estimation  than  tliose  whose  effect  on  the 
state  is  less  significant.  We  will  represent 
the  fixed  budget  for  estimation  by  a sensitivity 
constraint  which  is  related  to  tfie  estimation 
cost  in  the  following  fashion.  It  has  been 
shown  [7]  that  for  time  invariant  systems  tlie 
maximization  of  a sensitivity  criterion  [7,8] 
is  equivalent  to  the  maximization  of  tlie  Fisher 
information  matrix.  Wc  will  use  this  fact  to 
explicitly  modify  the  control  to  affect  the 
future  uncertainties  of  the  system.  When  wc 
look  at  the  estimation  problem,  the  Cramer-Rao 
inequality  [11]  gives  us  a lower  bound  on  the 
covariance  of  the  estimate  of  the  unknois’n 
parameters.  We  will  use  the  influence  of  the 
control  on  the  sensitivity  of  the  system  to 
decrease  this  lower  bound. 


The  exact  computation  of  tlic  state  sensitivity 
functions  represents  an  infinite  dimensional 
system  t»'hen  the  feedback  includes  the  sensi- 
tivity terms;  due  to  this  fact  a dynamic 
system  whose  state  t closely  approximates 
the  sensitivity  vector  is  used  instead.  This 
approximation  to  the  sensitivity  function  has 
been  used  by  Kreindlcr  [6]  and  has  been  shown  to 
give  good  performance  for  deterministic  systems. 


We  propose  a way  of  formulating  a stochastic 
adaptive  control  problem  that  incorporates  a 
cost  assignment  for  the  estimation  effort  and 
tliat  automatically  distributes  the  estimation 
budget  in  a rational  way.  In  this  approach  a 


We  consider  the  problem  of  designing  feedback 
control  laws  for  a class  of  multi-input-multi- 
output discrete  time  stochastic  systems  with 
unknown  parameters.  The  performance  index  to  be 
minimized  is  quadratic  in  the  state  and  the 
control.  The  optimization  is  to  be  perfornK*d 
so  that  a measure  of  the  energy  the  control 
spends  in  estimation  does  not  exceed  the  budget 
available  for  estimation.  Wc  model  cost  of 
estimation  as  a quadratic  function  of  the  state 
sensitivity  functions.  Wc  seek  a feedback 
solution  for  the  control  that  explicitly  takes 
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into  account  the  accuracy  of  clu*  ostinuiCion  and 
tluit  distributes  the  cstiiiution  effort  in  an 
opt  inti  1 fashion. 

J.  Probli-m  Fi>rmulation 

Considi*r  tlu*  discrete  linear  system 


“^k+i  “ % +“k 


in  order  to  estimate  those  parameters  more 

accurately.  The  design  of  W will  be  accom- 
plished as  follows:  The  sensitivity  constraint 

(J)  is  appended  tlirough  a I.agrange  multiplier  to 
the  cost  functional  and  tlie  cost  function  is 
minimized  with  respect  to  the  control  law  u,  and 

tlie  weighting  matrix  W . Through  the  bound  r and 

the  design  of  the  weighting  iiutrix  W as 
indicated,  tlie  following  goals  can  be  achieved: 


where  t R , uj.  ■ R , y^  ? R , and  Wj^  is  noriiuil 

witli  zero  mi.*an  and  covariance  V.,.  A and  H are 

w 

unknown  random  iiutrices  of  appropriate  dimension 
and  might  be  time  varying.  Tlie  state  and  the 
disturbance  at  the  same  instant  are  statistically 
independent.  The  entries  of  A and  B are 
considered  independent.  The  perfornunce  index  to 
be  minimized  is : 


subject  to 


Kf,  i-,  c'(k)w  'p(k)} 
k~N,, 


i)  The  larger  sensitivity  terms  in  (3)  will 
receive  less  weight  so  that  they  will  be  less 
affected  by  the  control  Llian  the  smaller 
sensitivity  terms  wiiich  will  receive  more 
weight.  Thus  the  control  will  increase  the 
accuracy  to  which  the  parameters  that  affect 
the  state  more  at  the  expense  of  a decrease 
in  the  accuracy  of  the  parameters  that 
affect  tile  system  state  less. 

ii)  Tlie  estimation  effort  of  the  control  will  be 
rationally  distributed  to  estimate  better 
the  parameters  that  have  greater  influence 
on  the  state. 

Wc  restate  our  original  problem  as  follows; 
consider  the  augmented  system 


P(k)  = (p;(k),...,p^(k),....pjj(k))’, 

ami  P-  wliiclt  is  designed  to  closely  approxinute 
tile  state  sensitivity,  satisfies  the  following 
equal  ion : 

■ j(K+l)  = (.-V  + (A-kj  (k))P  (k) 


^+1  = ¥k^V‘k-^-\  o 

with  perfect  state  infonmition . We  want  to 

N 

witli  rospcct  to  and  W the  perfor- 
tmince  index  : 

N^,+v  - 1 


where  /A-  and  B.  are  the  derivatives  tif  A and  B 

J " j 

with  respect  to  cj,  Kj(k)  and  K.,  (k)  are  iiwitriees 

to  be  found  in  the  algorithm  and  A,B  are  the 
latest  estinwtes  of  A and  H respectively,  is 

a component  ot  the  vector  ^ which  is  formed  ny 
the  unkiu>wn  entries  of  the  nuitricos  A .ind  B 

taken  by  r n^;s.  W is  an  unknown  diagonal  mtrix 
t ' bi*  clioseii  bv  tlic  designer  at  time  N.  and 

• at  i s f ies  W' 0 for  i ■ 1 , . . . ,tul  and 

N,.  ' 

tr  W * 1.  Tlie  nonnegative  numbers  are  tlie 

specified  minimum  relative  weights  wliere 

tiJ 

. 1::  I.  Q is  an  tixn  pi»sitive  semidefinite 
i I I * 

;-uitrix  and  R is  an  m>m  pi'sitive  delinUe  ntarlx. 

B ’Lli  aiu!  R nuv  v.iry  witli  k. 

rhe  choice  v>f  the  nutrix  W all'n***  u:-  lo  <1 1 
tribute  our  e-  t im.it  ii»n  eliort.  Ai».ording  to  tin- 
I ramei  -R.h'  i tuqu.i  I i t v f'l  bettei  estmuilion  a 
nuix  imi  z. It  ion  of  thi‘  siuis  i 1 1 vi  I v with  respei  I r • 
the  unl«n>»wn  paratiti't  ers  to  be  estmuiteil  Is 

t I'qii  1 rml . rlu'ii  wr  i lii'nsi'  t lie  mtlrix  W luli 
tli.it  till  l.it'Kr  ‘.t.ito  Hriv.  i t i V 1 1 I i’*i  ir*’  ki’pt  l.iri**- 


■A-HKj(k)  -1),  K^,(k).  . .-B^,^K^^,(k) 


A ^ -lip  k (k)’  -B-  K.  (kf 
I '1 


'A,  -B,  K,,.(k)  -B.  K„  , (kl . . . 'a-BK,  a ' 

il  J ‘ J ‘ 


-H^^K|(kr 


-Bp  ko  .O'' 


A and  (,»  all’  (d4l')n.*’  rn.it  rices,  B is  a (d  + Mn^m 
•iiitii  , • I - a (d  + Mnxn  m.itrix  .md  Wj^  is  oj 
d ii  H-ns  ion  n . 

rhe  pr'hlen  t or-.m  ! a t I on  in  C'1  ,nul  v»as 
'btained  b\  ippeiuliip  .1.  tin  nigh  a Ligrangi' 
imillipll.i  . I ' tin  • "A  lumllon  3j.  The 
:.iviuu’<  ’‘nillipliei  i i.h-*sen  si>  that  is 

^at  » I te»l  . 


t 


3,  Solution 

The  optimal  solution  of  problem  (6)  subject  to 
(5)  is  extremely  involved  and  complicated;  to 
seek  a closed  loop  control  law  would  be  imprac- 
tical. A suboptimal  solution  which  is  of  the 
feedback  form,  is  sought.  First  we  will  find  a 
No 

control  law  for  a fixed  W . Next  we  will  opti- 
No 

mize  with  respect  to  W 

3.1.  Computation  of  u.. 

‘^o 

To  find  the  control  u».  given  the  information  up 
N ^o 

to  and  W we  proceed  according  to  the 
following  steps : 

a)  Compute  the  estimates  and  Bv  based  on 

^ o 

the  information  received  up  to  N . 


where 


K.  =[Kj(i)  ; K^jd)  ;■ 


•••  : 

0 0 


A 


-U-  K^oCk).  • --Bj  K,^(k) 


-Bg  Kj(k)'  -B^Kj(k) 

1 ‘ o 

-Bg  K2,(k)' 


. - -B  K (k) 

d ""d 

-Bg  K,(k)T 
d ^ 


N N 


0 ...  0 


Cj  2d' 


A- 

o o 


b)  Apply  the  certainty  equivalence  principle  to 
the  augmented  system.  The  plant  matrices 


are  assumed  to  be  Av 


Although  this  will 


lead  to  a certainty  equivalent  controller  in 
the  augmented  state  space,  the  error  in  the 
estimates  is  incorporated  through  the  sensi- 
tivity constraint  and  the  controller  will  be 
cautious.  The  application  of  the  certainty 
equivalence  principle  to  the  augmented  system 
will  result  in  a better  control  performance 
than  the  certainty  equivalent  controller  for 
the  original  problem  because  the  uncertainty 
of  the  parameters  can  be  influenced  through 
the  sensitivity  constraint.  Tlie  solution  will 
differ  from  the  original  certainty  equivalent 

-No 

controller  because  the  system  matrix  A 
contains  unknown  feedback  gains. 

The  suboptimal  feedback  solution  outlined  in  the 
above  steps  is  given  in  Theorem  1. 

No 

Tlieorem  1 : For  a fixed  W ‘ and  given  Aj^  and 


B 


Nn 


if  equation  (9)  admits  a solution,  the 


control  Um  that  minimizes  (6)  is: 

N _i  N^N  N 

“N  =-<K  Pn^iV)  '■k+iV)''n 

o o o o o o o o 

No 

where  is  the  solution  to 
N N N N N N N 

Pi°=VA;  (KpPi:,A,°(K,)-(A;  °(K,)P.VBi°)(R  + 


N N N -1  N N N 

+i:  ^P.°^B.^  Ta!  “(K.)P.°^B,°)' 


(8) 


N 

p ss  n 

N -K-1  -K-1 


i = N , . . . ,N  -K-2 


and 


N N N _ I N N N 

K,  = (R+b!  + (aJ  (9) 


A,^  and  iL  are  the  estimates  of  A and  B given 
^o  ^^o 

the  information  up  to  N . 

‘ o 

Proof:  To  find  u^  , Ki.^  and  we  applv  the 

^^o  -*^o 

dynamic  programming  algorithm  and  find  the 
control  law  that  minimizes  the  cost  to  go  at 
every  k.  For  details  of  the  proof  refer  to 
re  fercncc  { 9j  . 

In  Theorem  1 the  certainty  equivalent  t 'ntroller 
for  the  enlarged  system  was  found.  Ni’te  tliat  tlie 
matrix  A^  in  equation  (5)  depends  on  the  matrices 
Kj^(k)  and  K2(k)  which  art-  found  through  the  design 

of  the  control  Uj^ . 

The  existence  of  the  solution  of  (7)  will  depend 
on  whether  (9)  which  is  linear  in  K admits  a 
solution.  This  question  is  addressed  in 
Theorem  2. 

Theorem  2 : The  rank  cond i t ion : 


rank! I 


n (d+1 ) 


■2  = 


rank’ 1 


n(d+l) 


(1-F.M)+  1 t!-  (F.S.B^,  )) 
1 ' j=i  j I j 

f(p,.rC)i. 


where  f(F-A.  ) are  the  columns  of  the  nvitrix 
= N ^ ^ 

^i^i  ‘''bitten  as  a long  vector,  is  necessary  and 

sufficient  for  the  existence  of  a solution  to 
equation  (9),  where 


N N N - 1 N N 
- ' o O - O , .to  i> 

F,  = (R+B.  P.^,  B,  ) B.  P.,.^,  , 

1 1 1+1  i ' 1 i + I 


( ini 


i'  i+r  1 


s- 


C +v  - 1 


,N  +. -2 


HY 

ClSrFiBilllBk' 


1 1'- 


'I 


wlioro 


S * 
J 


0 

1 

1 

0 . , 

. 0 

n>  n 

* J + l 

■ly 

0 

n (d  + 1 )x  n 

0 . . 

. 0 

_ _ 

0 

-H 


\ ’ 


n (ii  + 1 )>  m 


n (d+I  Vn  (d+l ) 


'Si 


l’r>nif  : 

Rewrite  equati*»n  as  the  eqviivaUau 

equal  i<>n : 

u-i'.MU.  -F.  s.K.  F/r,  = i\a/’  (in 


i‘i 


.)  N„  > j 


KqvuUten  (IH  is  obtained  after  nunipulatitj^ 
equation  (*0  and  identifying,  terms. 


subject  to  the  linear  constraints 
N 


I . 


. . ,nd 


nd  N 
• K." 
1-1  ‘ 


(14( 


where  0 and  tfiesc  tiumbers  are  fcjiven. 

rlus  simple  linear  proy.ramming  problem  is 
easily  solved  by  examining  J at  the  nd  vertices 
ot  the  feasible  space 


N 


i ^ i 


1 . . . . nd  , i # ) 

,,  J “ 1. 


(i5> 


nd 


and  we  cli»>iise  a vertex  at  wljich  .1  is  a minimum. 
If  this  verti*\  is  the  *’arw  as  that  assunu*d  to 
obtain  the  control  sequence  u^  we  have  the 

optimum  W If  tw't » we  try  anoilu*r  vertex, 

choose  another  control  seqvience,  and  repeat 
the  cycle.  If  a solution  exists,  we  obtain  it 
in  at  mi»st  nd  steps. 

After  substituting^  tlu-  value  ol  u^  fr>'m  (l.l> 
into  (O'),  tile  v.ilue  oi  .)  can  be  written  as 


■ N ' n ■ N 
i)  o o 


N 4*.  -1 
o, 

J-N  +1 


tr  ((.MV 

J ! J 


(10) 


ii^  Write  equativ>n  (II)  as  a vector  equation 
in  the  columns  of  This  results  in 

tfie  vector  equatii»n, 

(p-d-K  MU  r'.  (r,s.iV.  Uk,  * (1:m 

1 i = i J i J I ' ‘ 

where  k are  the  c\ilumns  of  written  as  a 
lon^  ci>lnmn  vector. 

From  ocjuation  (12)  the  rank  cotulicion  given  in 
I'heorem  2 folli>ws. 

^o 

1.2.  (:»>mputat  ion  of  K 

In  the  subsection  above  we  found  ^he  feedback 
solution  for  a given  nwitrix  W‘ for  a 

given  control  sequence  u.,  i * +v-l. 

Clven  the  Information  up  to  compute  tlie 

eslinviti'  and  . We  choose  a fixed 

sequence  Uj^\  i * N^',  -f  v - 1 by  the 

method  (>f  subsection  3.1, 


‘i-  -<«  + "i  ''i+i'',  ' ‘-'i  ' ■ 


(in 


wii<*re  ('  Is  given  by  equations  (H)  .ind  (‘M.  For 
.1  given'eont  rol  sequence,  .1  in  ((i)  Is  linear 
N 

In  W’  ' . We  minlmi/.t'  this  linear  function 


wlure  IV  is  the  covariance  of  - given  the 


inform.it  ion  up  to  time  N 
propagation  equation 


s N,  N N 

O o f 4^ 

• A,  .V.  A,  , + - V . 


1 1 sal  i s f ie  t lu- 


j*N  N - I . 


N 

IV  " 

*N 


i’he  riiitrix  A^'j  is  the  .saw  as  A^'"  except  that 
instead  of  the  first  r«n\’ 

"A  0 ...  O' 

We  have 

"A-l'.K. 


I 


-IIK 


21 


-Ilk.. 


-HK 


2d 


(17) 


and  A and  |i  are  evaluated  as  and  . F 

details  see  l‘*l.  For  a llxod  control  sequenct*. 

^o 

is  n.xed  and  in  mtnimiring  .1  in  (!(>)  with 

respect  to  W only  (’^  a()d  var\  with  W , 

ami  thev  are  lineal  in^  W * . *?he  dependent  e 
.\,  ■ N> 

of  P * on  W'  ' in  \ is  onlv  through  (‘  . That  t , 
i i 

A and  11  are  fixed  when  (K)  i-  usetl  to  genera 
N 


854 


L 


The  solution  obtained  above  is  open  loop  optinial 
for  the  augmented  system  for  a given  estimate  A*. 

A. 

and  , We  use  the  feedback  gains  and  K2j^ 

for  implementation  in  feedback  form  at  time 
As  new  information  is  received  one  time  unit 
later,  the  value  of  is  increased  by  one  and  the 
process  is  repeated  to  obtain  the  next  feedback 
gain  values.  This  is  essentially  an  open  loop 
optimal  feedback  solution. 


. ^ d « aCi(k) 

e.(k+l)  * (A-BK,  (k))e.(k)  - BK..  -4 . (21) 

J 1 J i»l 


Example 


We  consider  the  system 

^+1 


’ 0 

1 " 

X,  + 

'o“ 

u.  + 

"o' 

/l 

^2. 

k 

1 

k 

1 

(22) 


The  algorithm  presented  above  will  automatically 
assign  more  weight  to  the  small  state  sensitivity 
functions  and  less  weight  to  the  large  state  sensi- 
tivity functions;  this  is  so  because  the  estima- 
tion budget  is  fixed  and  the  optiniality  condition 
for  W has  to  be  satisfied.  Since  W is  the 
weighting  matrix  of  p which  is  designed  ^o  closely 

approximate  the  state  sensitivity,  and  W ° is 
found  to  minimize  the  performance  index  J in  equa- 

tion  (6),  then  the  components  of  W will  be  found 
such  that  less  weight  will  be  assigned  to  large 
state  sensitivity  functions  and  more  weight  will 
be  assigned  to  small  state  sensitivity  functions. 


3.3.  Sensitivity  Approximations 

In  this  section  we  will  analyze  the  sensitivity 
approximation  used  in  the  development  of  the 
previous  section.  Consider  the  approximate  feed- 
back sensitivity  [6]  given  by  (-♦)  and  reproduced 
here : 

Pj(k+1)*(AQ  -Bg  Kj(k))Xj^  + (A-BKj(k))P^(k) 
d 

- ,Z  B,  K-, (k)p  (k)  (18) 

i«l  2i  1 

i,j  = l,.,.,d,  where  0 ^ depends  on  K,  and  K2^ , which 
are  the  feedback  gains  that  define  the  feedback 
control  law  obtained  from  the  algorithm. 


The  exact  sensitivity  functions  for  the  feedback 
system  are  given  by 

CTj(k+I)  * (A-iK^(k)y,  (k)  + (A^_-Bg,K^(k))x^ 
d dP.Ck) 

and 

dp  (k+1)  „ . dp  (k) 

(A-BKj(k))  +(Ag  -Bg  Kj(k))rj^ 

1 j j J 

d dP  (k) 

-iSi»e/2i('‘>  <20) 

The  true  feedback  sensitivity  will  be  the  solu- 
tion of  four  sets  of  «imultaneous  equations,  (1), 
(18),  (19),  and  (20)  using  the  mean  values  of  A 
and  B in  equation  (1). 

If  we  compare  (18)  with  (19)  by  writing  an  error 
equation,  we  sec  that  C will  approximate  c closely 
if  the  first  derivatives^of  C with  respect  to  6j 
are  very  small  and  if  A-BK  is  stable.  This  can 
be  seen  through  the  following  error  equation: 


where  a=  (a,  ao)  are  random  variables  with  prior 


statistics 


"2*'  vaixauicd  wxu 


0001, 


0.0001).  The  noise  w^  is  a random  sequence  with 
zero  mean  and  variance  1.0.  The  initial  state 
Xv  is  normal  with  mean  Xv  “ (5  5)'  and  variance 

^ o 

V » Diag(0.0001,  0.0001). 


r^r 


that  the  following  performance  index  is  minimized, 
Nn+^-1 


subject  to 


N’-K-l  N 

r O^  , (3 

El  i.  P,  W P,  ; ^ r 
k=N„  ^ k - 


(23) 


(2d) 


4 Na 

t^l'i 


1.0,  Yk 


where  V.  are  the  components  of  the  diagonal  W 
In  this^example  we  take  ■ ”4,  Q>=Uiag(1.0,  1.0), 


1.0.  The  enlarged  system 


\4k 

'^lk+1 

‘’2k+l 


where  0 


A 

'V 

■ 1 

_*e, 

'b' 

0 

0 


0 

, -BK,  0 
0 Aj.  -BK 


V--'i 


is  given  by 

‘k' 

'Ik 
^2k 


(25) 


32  ’ W [_1  ’ 


is  the  matrix 


A with  a^  and  a2  replaced  by  their  means  at 
and  K is  the  feedback  control  gain  which  is 
designed  to  achieve  a close  approximation  of  the 
state  sensitivity  by  C . 


Applying  the  certainty  equivalent  principle  to 
system  (22)  we  obtain  •80.9.  I'sing  the  sen- 
sitivity approach,  J"52.*71,  which  is  a good 
Improvemt'nt  In  the  cost.  lYom  Table  I we  see  that 

the  assignment  of  the  weighting  matrix  W is  such 
that  tljc  smallest  sensitivity  functions  reccivt 
weight  l.O  and  the  others  weight  zero.  Thus  the 
theoretical  goal  is  achieved.  This  Is  so  because 
we  wanted  to  keep  the  large  sensitivity  functions 
as  large  as  possible  so  that  the  parameters  whose 
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otlok-t  ‘'U  llu‘  slaLo  ifu'  syscoui  ls  aii* 

t'sL  iiiuU  I'il  as  accurately  as  possible.  Also  tlu' 

^'o 

v,vM\irul  u is  alli‘cteil  by  thc‘  clioicv'  ul  W auJ  bv 
the  leeJbaek  ol  die  .'Jens  i t i v i t y Uinetiens  in  siieli 
a way  dial  ibe  eoiui'ol  perlormance  is  impn'ved. 

0.  i.:eue  lu:.  ion 

In  this  panel'  we  ‘^lescribeU  a feevlbiick  control  law 
that  explicitly  lakes  into  account  the  accuracy  of 
t'sl  inuL  i on  and  wliicli  distributes  the  estinution 
el  fort  in  an  optluuil  fashion  through  the  dosi^;n  oi 
the  wei^litinp.  uutriN  W.  This  is  achieved  by 
incorporat  iuy,  the  estinution  cost  J>  and  desi^niny, 
the  weic.btiny.  nutri\  U’  for  the  sensitivity  terms 
in  in  such  a way  that  all  the  eucry,y  available 
fvir  estiMuition  is  used.  Moreover  throut;l(  the 
constrained  min imi ^:at  ion  with  res]H'ct  to  W the 
available  estiuution  energy  is  distributed  so  that 
the  Iary,er  sensitivity  terms  I'eceive  less  weifiht 
and  the  snuller  sensitivity  terms  more  weight, 
thi'i'ebv  forciny,  the  control  to  aftect  the  accuracy 
of  estinution  in  such  a way  that  the  imu'e  crucial 
parameters  are  e.stinuited  more  accurately. 
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